We compared the performance characteristics of 297 629 full field digital (FFDM) and 416 791 screen film mammograms (SFM). Sensitivity increased with age, decreased with breast density, and was lower for more aggressive and lobular tumors. While sensitivity did not differ significantly by modality, specificity was generally 1%-2% points higher for FFDM than for SFM across age and breast density categories. The lower recall rate for FFDM vs SFM in our study may partially explain performance differences by modality. In this large health care organization, modest gains in performance were achieved with the introduction of FFDM as a replacement for SFM. 1,2 This trial found that FFDM was more accurate in women with heterogeneously dense or extremely dense breasts, for women under age 50, and for pre-or perimenopausal women of any age. However, facilities that participated in DMIST tended to be academic facilities and mammograms were likely to be read by breast imaging specialists. Therefore, it was not entirely clear whether the findings of DMIST would translate into community practice. A recent comparative effectiveness study of FFDM vs screen film mammography (SFM) in the Breast Cancer Surveillance Consortium (BCSC) found that overall, cancer detection rates and tumor characteristics were similar between the 2 modalities, but differences were apparent in both sensitivity and specificity within patient subgroups defined by age, menopausal status, breast density, and tumor aggressiveness subtypes. When compared to SFM, sensitivity for FFDM was roughly 7 points higher for women in their 40s and 60s but 4.5 points lower among women in their 50s. Sensitivity for FFDM was roughly 15 points higher among women with extremely dense breasts and roughly 12 points higher for patients diagnosed with more aggressive, estrogen receptor (ER) negative breast cancer compared to SFM. Specificity for FFDM was nearly 2 points lower
than for SFM among women in their 40s. 3 We sought to re-examine the comparative effectiveness of these 2 screening modalities in a single large health care organization that lacks an academic affiliation or fellowship program in breast imaging, and to compare results to those from the BCSC.
| ME TH ODS
Data came from a single large health care delivery organization in the Greater Metropolitan Chicago Area. All sites are connected with a radiology data base (PenRad Technologies, Inc., Buffalo, MN). 4 The study was reviewed and approved by the institutional review boards at all participating institutions. A screening mammogram was defined as a bilateral mammogram with a description of screening, in women without a prior history of breast cancer, mastectomy, or breast implants, and without any breast imaging in the 9 months prior to the screen. such that: 0 = need additional imaging evaluation, 1 = negative finding, 2 = benign finding, 3 = probably benign finding, 4 = suspicious abnormality, and 5 = finding highly suggestive of malignancy.
| Statistical analyses
We conducted logistic regression models overall and by patient subgroups while controlling for age, exam year, race/ethnicity, timing of last screen and indicator variables for screening facility. For specificity, we also used generalized estimating equations to account for clustering of exams by patient. Model-based standardization (predictive margins) was then used to estimate the overall and stratum-specific performance characteristics. 5, 6 Ninety-five percent confidence intervals were estimated using the delta method as implemented in the margins command within Stata. All analyses were conducted using Stata statistical software, version 12 (Stata Corp, College Station, TX). All P-values are 2-sided.
| RESULTS
Patient characteristics by imaging modality were roughly similar except that nL White women were more likely than nL Black women to be screened with FFDM, as were women with a more recent prior screen (data not shown).
| Overall performance characteristics
In the adjusted analyses, FFDM was associated with a slightly lower cancer detection rate (4.3 vs 4.8, P = .07), fewer false-negative results (0.54 vs 0.63, P = .39), slightly higher specificity (89% vs 87%, P < .0001), and a lower recall rate (11% vs 14%, P < .0001) compared to SFM. No differences in sensitivity or positive predictive value were apparent (Table 1) .
| Subgroup analyses
Generally for both SFM and FFDM, sensitivity increased with age and decreased with breast density. Sensitivity was lower for tumors displaying more aggressive characteristics and lower for lobular vs other histologies (Table 2 ). Within subgroups defined by age, menopausal status, breast density and tumor characteristics, there were no statistical differences in sensitivity of FFDM vs SFM. Sensitivity of FFDM was qualitatively higher than SFM for postmenopausal women and across all age groups. FFDM sensitivity was also qualitatively higher among women with lower breast density, but lower among women with extremely dense breasts, compared to SFM.
FFDM sensitivity was 3% points higher than for SFM with respect to more aggressive ER negative breast cancers, and 7% points higher for higher grade disease, though none of these associations were statistically evident (Table 2) . Overall, specificity increased with age and menopausal status but varied nonmonotonically with increasing breast density. By modality, specificity was generally 1% or 2% points higher for FFDM than for SFM across age, menopausal status, and breast density categories (Table 2 ).
| DISCUSSION
The BCSC found that sensitivity for FFDM was roughly 7 points higher than for SFM among women in their 40s and 60s but 4.5 points lower among women in their 50s. In contrast, we did not find substantial differences in sensitivity by imaging modality across age groups, though our sensitivity estimates were more constrained by the relatively smaller number of breast cancers compared to the BCSC study. While BCSC reported a 15 point higher sensitivity for FFDM than for SFM among women with extremely dense breasts; we found that sensitivity was 3 points lower for FFDM than for SFM in these women. While BCSC reported higher sensitivity FFDM than for SFM among more aggressive tumors, we found more modest, not significant or marginally significant differences.
While BCSC reported slightly lower (1 point) specificity for FFDM vs SFM among women in their 40s but similar for other ages, we found slightly higher specificity (about 2 points) for FFDM vs SFM for all age groups. While BCSC found slightly lower specificity for FFDM vs SFM regardless of breast density; we found slightly better specificity (by roughly 2 points) for FFDM vs SFM in all women except those with extremely dense breasts.
The lower recall rate for FFDM vs SFM in our study may partially explain differences in our results compared to those from the T A B L E 2 Sensitivity and specificity of screening mammography by imaging modality and patient characteristics All logistic regression models conducted with generalized estimating equations (exchangeable correlation matrix) to account for clustering by screening facility, and adjusted for age, exam year and timing of last screen.
BCSC. Higher recall rates are generally associated with higher sensitivity and PPV but lower specificity. In our study, recall rates were lower for FFDM than for SFM (11% vs 14%, respectively), whereas in the BCSC study, recall rates were higher for FFDM. In both studies specificity was higher for FFDM than for SFM; however, PPV were similar by modality in our study, whereas in the BCSC study PPV was higher for FFDM than for SFM.
Prior research has shown that performance characteristics vary by geographic region and across different cohorts from multiple facilities. 7 Randomized controlled trials have demonstrated a survival benefit for women screened on film and it is important to show that a universal switch to FFDM will be at minimum equal to 
